Human Cortical Neuron Generation Using Cell Reprogramming: A Review of Recent Advances.
The study and treatment of neurological disorders have been hampered by a lack of access to live, healthy, or disease-affected human neurons. The recent advances in the field of cell reprogramming offer exciting new possibilities for disease modeling, drug development, and cell-based therapies. Since the derivation of human embryonic stem cells (hESCs) and their differentiation into neurons, cell reprogramming technologies have built on these protocols to generate mature human neurons of disease-associated phenotypes from somatic cells. Mechanistic knowledge of neural patterning and neurogenesis has been essential for the establishment of reprogramming strategies that employ a combination of transcription factors and small molecules selected due to their critical role in brain development. The generation of reprogrammed human neurons has the potential to further enhance our knowledge of pathways underlying the developmental process of the human brain, the current knowledge of which has predominantly come from animal studies, postmortem tissue, and most recently hESCs. Somatic cell reprogramming began in 2006 with the first report of induced pluripotent stem cell (iPSC) derivation from mouse fibroblasts. This has now expanded to direct-to-induced neuron and direct-to-induced neural stem or precursor reprogramming using a variety of viral and nonviral delivery methods. Most recently, iPSC technology has been extended to the development of three-dimensional brain structures referred to as brain spheroids or organoids. This review will discuss the reprogramming strategies that have been formulated to generate cortical neurons that are associated with many diseases, including autism spectrum disorders and schizophrenia.